The Palabora Igneous Complex, located in the Arcbean Shield of northeastern Transvaal, South Africa, is unique amongst many described African alkaline complexes in that its carbonatite member is the site of an economic deposit of copper ore. Magnetite, uranothorianite, and baddeleyite are subsidiary products of the copper mining venture, while the ultramafic rocks of the Complex are also host to economic deposits of apatite and vermiculite.
The presence of considerable quantities of "rotten mica" was discovered during the course of these early mining activities, but its economic significance was realized only several years later, and serious production of vermiculite commenced in 1946.
The discovery . of uranothorianite in the Loolekop carbonatite in 1952 and the possible strategic importance of this radioactive mineral triggered a prospecting program by the Department of Mines, including geological mapping, trenching, surface diamond drilling, and underground development, which ultimately proved the uranothorianite content to be uneconomic in its own right. However, the prospecting program revealed that the carbonatite and surrounding foskorite was host to a very large, low-grade, disseminated copper sulfide deposit. Ownership of the major part of the copper deposit underlying Loolekop was vested in the State, which concluded that the exploitation thereof was a matter for private enterprise. Interested mining companies were invited to make representations with regard to the procurement of a prospecting lease, which was eventually granted to a joint venture comprised of The ore reserves of the copper deposit were initially estimated to be of the order of several hundred million tons at a grade of about 0.7 percent copper. It was decided to exploit the deposit by large-scale opencast mining and milling.
Geological Setting of the Orebodies
The Palabora Igneous Complex resulted from an alkaline intrusive cycle which emplaced, in several successive stages, a suite of rocks ranging from ultramafic to peralkaline in character. The disposition of the various rocks of the Complex and its surroundings is portrayed in the geological map (Fig. 2, modified Outside the main pyroxenite mass numerous plugs of syenite are encountered. These crop out as conspicuous bare rock studs and coniform hills scattered around the region--some as far as 30 km from Loolekop. In places where syenite occurs in close proximity to the pyroxenite contact, the development of feldspathic pyroxenite is usually particularly marked. In many cases, the outer contacts or, more rarely, the entire body of the syenite plugs exhibit intense brecciation, which attests to their explosive origin. The texture and grain size of the syenite vary considerably from dense, fine-grained types to porphyritic and pegmatitic types.
The Archean gneiss in contact with the syenite and pyroxenite is locally fenitized, sometimes to such an extent that the fenitized gneiss is macroscopically almost indistinguishable from syenite. The fenitization of the gneisses resulted mainly from potashsoda-iron metasomatism during the pneumatolyticmetasomatic phases of the intrusive cycle, but the earlier intrusions of pyroxenite and syenite undoubtedly contributed to this process.
Economically important pegmatoid bodies occur near the centers of the northern and the southern lobes of the main pyroxenite body (Fig. 2) The Loolekop carbonatite-foskorite assemblage, which crops out near the center of the Palabora Complex (Fig. 2) , is an elliptically shaped vertical subsidiary pipe, elongated in an east-west direction The Loolekop pipe is a composite vertical intrusion with an elliptical interbanded configuration in which the component rock types were eraplaced in a micaceous pyroxenite host in the following sequence: foskorite, banded carbonatite, and transgressive carbonatite. The relationships of these rock types are illustrated in plan (Fig. 3) and in cross section (Fig. 4) .
In the outer parts of the pipe, the foskorite is interbanded in concentric fashion with the country rock micaceous pyroxenite, while further inward, the foskorite and the banded carbonatite have the same interbanded relationship. The banded carbonatite and in places the foskorite exhibit a nearvertical mineral banding which is due to the alignment of magnetite concentrations in layers. Overall, this primary banding assumes an elliptical configuration and is generally parallel to the trends of rock contacts (Fig. 5) . The concentric pattern of the primary banding is assumed to be due to the shape of the pipelike conduit into which the rocks were eraplaced. The contacts between foskorite and both pyroxenite and banded carbonatite vary from sharp to gradational. These gradational contacts indicate that the earlier phase of the intrusive cycle was of a nonviolent and partly metasomatic nature.
Intensive late-stage fracturing of the consolidated earlier infilling along certain preferred directions and renewed igneous activity led to the eraplacement of the transgresslye carbonatite. The main development of this rock type occurs at the center of the pipe, at the intersection of two fracture zones trending, respectively, N 70 ø W and N 70 ø E and con- A number of dolerite dikes cut through the pipe in a northeasterly direction. These dikes generally dip steeply and have a tendency to bifurcate, the offshoots often converging with other dikes (Fig. 7A ).
Locally they contain xenoliths of carbonatite or foskorite ( (Fig. 12A and 13 ).
Magnetite
The most important co-product of the Loolekc orebody from the economic point of view is magn• tire. It is invariably titaniferous and enjoys a zon: distribution in respect to both quantity and titanira content (Fig. 10B and C) .
On average the orebody contains approximatel 27 percent by weight of magnetite, and although t} distribution of magnetite conforms to the annular ri• structure of the pipe, its correlation with the mai rock types is less clearly defined than in the case The central portion of the northern orebody consists essentially of phlogopite-serpentine rock, which is enveloped by phlogopite-diopside rock. The firstnamed rock type varies from a medium-grained to a pegmatoid variety. The constituent minerals are variable in their relative proportions to each other and in the amounts in which they occur in the rock. The pegmatoid variety often assumes an extremely coarse texture with phlogopite or vermiculite books, serpentine pseudomorphs after olivine, and diopside crystals measuring 20 cm and more. The phlogopitediopside rock portion of the orebody is generally medium to fine grained and appears to be an integral part of the phlogopite-diopside-apatite rock which constitutes the major part of the ultramafic phase of the Complex but differs from it in having a small to negligible apatite content.
Hydration, due to surface weathering processes, has converted the bulk of the phlogopite to vermiculite. This conversion has been greatly influenced by accessibility to weathering agencies in respect to the porosity, permeability, jointing, and fissuring of the After the ore block has been blasted and prior to the broken material being loaded to the primary crushers, a visual evaluation of the broken ore is carried out to determine the proportions of the various copper minerals present in the ore. The mineral species distribution is calculated by reconciling the amounts of the various copper minerals measured in the broken ore with the chemically determined mean copper value of the ore block.
The metal content of the drilled and broken ore in the openpit is used to plan the short-term mill feed and provides excellent day-to-day control of the mill head grade. The mineral makeup of the daily ore trucked to the primary crushers is used to calculate a theoretical copper recovery. Due to the built-in surge capacity in the ore-crushing process, the ore takes about two days on average to reach the mill; thus the daily reports of the theoretical copper recovery and copper mineral species distribution of the ore provide useful advance knowledge to the concentrator operation in respect to copper flotation control.
The medium-term, month-ahead to six monthsahead mine planning is based partly on drilled and broken ore reserves, but most of the grade information is derived by the extrapolation of data from previously drilled and blasted ore blocks to the benches below.
The vertical projection of ore grades and other data from mined-out ore blocks to in situ ore enables medium-term production forecasts to be made with a considerable degree of accuracy, because of the remarkable vertical continuity of the lithology and economic mineral grades in the Loolekop orebody. 
